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ANTIBODY 

The present invention relates to antibodies which bind to the CD23 (FCeRII) type II 
molecule particularly altered antibodies, the preparation of such antibodies, 
pharmaceutical compositions which contain such antibodies and their use in therapy. 

CD23 (FCERII) is a type II molecule of the C-lectin family which also includes the 
lymphocyte homing receptor (MEL- 14) and the endothelial leukocyte adhesion 
molecule- 1 (ELAM-1). It is a low affinity receptor for IgE. In humans a variety of 
haematopoietic cell types express CD23 on their surface, including follicular 
dendritic cells, B cells, T cells and macrophages. CD23 molecules are also found in 
soluble forms in biological fluids. Soluble CD23 (sCD23) molecules are formed by 
proteolytic cleavage of transmembrane receptors. CD23 has pleiotropic activities 
including mediation of cell adhesion, regulation of IgE and histamine release, rescue 
of B cells fi-om apoptosis and regulation of myeloid cell growth. These functional 
activities are mediated through the binding to specific ligands of cell-associated 
CD23, or sCD23, the latter acting in a cytokine-like manner (Conrad, D.H., Annu 
Rev Immunol 8, 623-645 1990); Delespesse, G., et al., Adv Immunol 49, 149-191 
(1991); Bonnefoy, J.Y., et al., Curr Opin Immunol 5, 944-47 (1993). 

Increased expression of CD23 has been observed in a number of inflammatory 
diseases. CD23 has been identified in synovial biopsies fi-om patients with chronic 
synovitis, and sCD23 can be measured at concentrations exceeding the normal range 
in the serum and synovial fluid of patients with rheumatoid arthritis (Bansal, A.S., 
Oliver, W., Marsh, M.N., Pumphrey, R.S., and Wilson, P.B., Immunology 79, 285- 
289 (1993); Hellen, E.A., Rowlands, D.C, Hansel, T.T., Kitas, G.D., and Crocker, 
J.J., Clin Pathol 44, 293-296 (1991); Chomarat, P., Brioloay, J., Banchereau, J., & 
Miossec, P., Arthritis Rheum 86, 234-242 (1993); Bansal, A., et al., Clin Exp 
Immunol 89, 452-455 (1992); Rezonzew, R., & Newkirk, M.N., Clin Immunol 
Immunopathol 71, 156-163 (1994). In addition, levels of serum sCD23 in 
rheumatoid arthritis patients are related to disease status and correlate with serum 
rheumatoid factor (Bansal, A.S., et al, Chn Exp Rheumatol 12, 281-285 (1994). 
Pro-inflammatory cytokines appear to be particularly important in rheumatoid 
arthritis, and a central role for TNF-a and IL-lb in the destruction of arthritic joints 
has been postulated (Brennan, P.M., Chantry, D., Jackson, A., Maini, R., & Feldman, 
M., Lancet 2, 244-247 (1989); Brennan, P.M., Maini, R.M., & Feldman M., Br J 
Rheumatol 3K 293-298 (1992). 
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Antibodies typically comprise two heavy chains linked together by disulphide bonds 
and two light chains. Each light chain is linked to a respective heavy chain by 
disulphide bonds. Each heavy chain has at one end a variable domain followed by a 
number of constant domains. Each light chain has a variable domain at one end and 
a constant domain at its other end. The light chain variable domain is aligned with 
the variable domain of the heavy chain. The light chain constant domain is aligned 
with the first constant domain of the heavy chain. The constant domains in the light 
and heavy chains are not involved directly in binding the antibody to antigen. 

The variable domains of each pair of light and heavy chains form the antigen binding 
site. The domains on the light and heavy chains have the same general structure and 
each domain comprises a framework of four regions, whose sequences are relatively 
conserved, connected by three complementarity determining regions (CDRs). The 
four framework regions largely adopt a beta-sheet conformation and the CDRs form 
loops connecting, and in some cases forming part of, the beta-sheet structure. The 
CDRs are held in close proximity by the framework regions and, with the CDRs 
from the other domain, contribute to the formation of the antigen binding site. CDRs 
and framework regions of antibodies may be determined by reference to Kabat et al 
("Sequences of proteins of immunological interest'* US Dept. of Health and Human 
Services, US Government Printing Office, 1987). 

The preparation of altered antibodies which the variable region of a rodent antibody 
is combined with the constant region of a human antibody is now well established in 
the art (Oi and Morrison (1986) Biotechniques 4, 214-212). Humanised antibodies 
in which the CDRs are derived from a source different from that of the framework of 
the antibody's variable domains are disclosed in EP-A-0239400. The CDRs may be 
derived from a rodent or primate monoclonal antibody. The framework of the 
variable domains, and the constant domains, of the antibody are usually derived from 
a human antibody. Such altered antibodies should not elicit as great an immune 
response when administered to a human compared to the immune response mounted 
by a human against a wholly foreign antibody such as one derived from a rodent. 

Murine monoclonal antibodies have been raised against the CD23 receptor (FCsRII) 
(PCT/EP/95/04109). However, such monoclonal antibodies are not ideal for human 
therapy as they are potentially immunogenic when injected into a human patient and 
may be l\^ic. Furthermore commercially available antibodies which bind to the 
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CD23 receptor recognise distinct epitopes expressed on the CD23 receptor; epitope 
binding specificity can play a significant part in the efficacy of an antibody for a 
particular purpose. Moreover, selection of antibodies with high affinity for the target 
receptor can be therapeutically advantageous as the dose required will be lower than 
for a monoclonal with less affinity for the same receptor. 

According to the present invention, there is provided an altered antibody which 
comprises sufficient of the amino acid sequence of each CDR shown below that the 
antibody is capable of binding to the CD23 (FCsRII) type II molecule expressed on 
haematopoietic cells: 



The present invention also relates to an antibody which binds to the same epitope as 
an antibody having the CDRs described above. Competitive inhibition assays are 
used for mapping of the epitopes on an antigen such as the CD23 molecule. For 
example FACS competition analysis involves the use of cells expressing the 
molecule as a target, the test antibody is labelled with one fluorochrome and a second 
antibody known to bind to the same antigen is labelled with a second differently 
coloured fluorochrome. If both fluorochromes are present the antibodies do not 
competitively inhibit each other and are therefore deemed to recognise separate 
epitopes on the target molecule. Epitope mapping can also be imdertaken using direct 
peptide library binding assays in which peptide sequences from a target antigen are 
expressed on pins and screened using flourochrome-labelled antibodies as before. In 
epitope mapping studies the antibody having the CDRs described above has been 
shown to define a novel epiotpe on the CD23 molecule. The invention therefore 
provides an antibody which competitively inhibits the binding of an antibody having 
the CDR sequences set out above to the CD23 (FCeRII) type II molecule expressed 
on haematopoietic cells. 



light chain 

RSSKSLLY KDGKTYLN 

LMSTRAS 

QQLVEYPFT 



CDRLl (SEQ ID NO: 3) 
CDRL2 (SEQ ID NO: 5) 
CDRL3 (SEQ ID NO: 7) 



heavy chain 
GYWMS 

EIRLKSDNYATHYAESVKG 



CDRHl (SEQ ID NO: 9) 
CDRH2 (SEQ ID NO: 11) 
CDRH3 (SEQ ID NO: 13) 



FID 
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An antibody according to the invention is preferably altered, it may be a chimaeric 
antibody which comprises sufficient of the variable heavy and light chain sequences 
of the murine antibody CI 1 set out in Figures 1 and 2 (SEQ ID 1 and 2) such that it 
is capable of binding to the CD23 molecule, and a human constant region. The 
antibody may be a chimaeric antibody of the type described in WO 86/01533 which 
comprises an antigen binding region and a non-immunoglobulin region. The antigen 
binding region is an antibody light chain variable domain and/or heavy chain variable 
domain. Typically the chimaeric antibody comprises both light and heavy chain 
variable domains. The non-immunoglobulin region is fused to the C-teiminus of the 
antigen binding region. The non-immunoglobulin region is typically a non- 
immunoglobulin protein and may be an enzyme region derived fi-om a protein having 
known binding specificity, fi-om a protein toxin or indeed fi-om any protein expressed 
by a gene. The non-immunoglobulin region may be a carbohydrate region. The two 
regions of the chimaeric antibody may be connected via a cleavable linker sequence. 
The altered antibody may also be a bi-specific antibody. 

The altered antibody may be a humanised antibody in which sufficient of one or 
more of the amino acid sequences of each CDR (and if necessary fi-amework 
residues), is present in human fi-ameworks such that it is capable of binding to the 
CD23 molecule. 

Suitably, the CDRs of an antibody according to the invention are the light chain 
CDRs LI to L3 and the heavy chain CDRs HI to H3 above. The amino acid 
sequences of these CDRs may be changed, however. The amino acid sequence of 
each CDR may be changed by amino acid substitutions, insertions and/or deletions. 
Each CDR may therefore include one or two amino acid substitutions, insertions 
and/or deletions. There may be up to three amino acid substitutions, insertions 
and/or deletions in light chain CDRL3 or heavy chain CDRH3. Up to four amino 
acid substitutions, insertions and/or deletions may be present in light chain CDRLl. 
Up to six amino acid substitutions, insertions and/or deletions may be present in 
heavy chain CDRH2. Preferably the amino acid sequence of each CDR is 
substantially homologous to that of each CDR set out above. 

Preferably the degree of sequence identity is at least 50% and more preferably it is at 
least 75%. Sequence identities of at least 90% or of at least 95% are most preferred. 
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It will nevertheless be appreciated by the skilled person that high degrees of sequence 
identity are not necessarily required since various amino acids may often be 
substituted for other amino acids which have similar properties without substantially 
altering or adversely affecting certain properties of a protein. These are sometimes 
referred to as "conservative" amino acid changes. Thus the amino acids glycine, 
valine, leucine or isoleucine can often be substituted for one another. Other amino 
acids which can often be substituted for one another include: phenylalanine, tyrosine 
and tryptophan (amino acids having aromatic side chains); lysine, arginine and 
histidine (amino acids having basic side chains); aspartate and glutamate (amino 
acids having acidic side chains); asparagine and glutamine (amino acids having 
amide side chains) and cysteine and methionine (amino acids having sulphur 
containing side chains). Thus the term "derivative" can also include a variant of an 
amino acid sequence comprising one or more such "conservative" changes relative to 
said sequence. 

The ft-amework and the constant domains of the antibody are preferably human 
framework and human constant domains. Preferably the framework of the variable 
region of the antibody heavy chain is substantially homologous to the corresponding 
framework of the human protein KOL (Schmidt ^ al, Hoppe-Seyler's Z. Physiol. 
Chem., 364 713-747, 1983). Homology in respect of the framework is generally 
80% or more with respect to KOL, for example 90% or more or 95% or more. 
Furthermore , the seventh residue of framework 4 in KOL is suitably Thr or Leu , 
preferably Leu. This residue is KOL residue 109 by Kabat et al, 1987. A number of 
amino acid substitutions, insertions and/or deletions may be present. For example, 
one or more of the residues at position 49,66,76,77 and 94 may be altered to the 
equivalent residue in the murine antibody. Other candidate framework changes that 
may be made to restore binding include amino acid residues 27, 30, 48, 67, 71, 91 
and 93. The amino acid numbering is according to Kabat et al supra. 

The framework of the variable region of the antibody light chain is typically 
substantially homologous to the variable domain framework of the protein 
HSIGKVII (EMBL data base: Klobeck, H.G., EMBL data library submitted 7th 
April, 1986). There is a frameshift in this sequence at position 452. To rectify the 
reading frame, a deletion of base 452(T) is made. 

Homology in respect of the framework is generally 80% or more with respect to the 
chosen sequence, for example 90% or more or 95% or more. A number of amino 
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acid substitutions, insertions and/or deletions may be present, for example at amino 
acid residue 64 but also or instead at 71 according to the numbering of Kabat et al. 

The invention also provides an antibody which comprises the variable heavy and 
light chain sequences set out in Figures 3 and 4 (SEQ IDS 17 and 18). 

The antibody preferably has the structure of a natural antibody or a fragment thereof. 
The antibody may therefore comprise a complete antibody, a (Fab')2 fragment, a Fab 
fragment, a light chain dimer or a heavy chain dimer. The antibody may be an IgG 
such as IgGl, IgG2, IgG3 or IgG4; or IgM, IgA, IgE or IgD or a modified variant 
thereof. The constant domain of the antibody heavy chain may be selected 
accordingly. The light chain constant domain may be a kappa or lambda constant 
domain. 

The constant region is selected according to the functionality required. Normally an 
IgGl will demonstrate lytic ability through binding to complement and will mediate 
ADCC (antibody dependent cell cytotoxicity). An IgG4 will be preferred if an non- 
cytotoxic blocking antibody is required. However, IgG4 antibodies can demonstrate 
instability in production and therefore is may be more preferable to modify the 
generally more stable IgGl. Suggested modifications are described in EP0307434 
preferred modifications include at positions 235 and 237. The invention therefore 
provides a lytic or a non-lytic form of an antibody according to the invention. 

Each chain of the antibody may be prepared by CDR replacement. The CDRs of a 
variable region of a hght or heavy chain of a human antibody are replaced by 
sufficient of the amino acid sequence of each CDR of the anti-CD23 antibody that 
the resulting antibody is capable of binding to the CD23 molecule. The CDR- 
encoding regions of DNA encoding a hypervariable region of a human antibody 
chain are replaced by DNA encoding the desired CDRs. If appropriate, this altered 
DNA is linked to DNA encoding a constant domain for the antibody chain. The 
DNA is cloned into an expression vector. The expression vector is introduced into a 
compatible host cell which is cultured under such conditions that the antibody chain 
is expressed. Complementary antibody chains which are co-expressed in this way 
may then assemble to form the humanised antibody. 
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There are four general steps to humanise a monoclonal antibody. These are: 

(1) determining the nucleotide and predicted amino acid sequence of the starting 
antibody light and heavy variable domains; 

(2) designing the humanised antibody, i.e. deciding which antibody framework 
region to use during the humanising process; 

(3) the actual humanising methodologies/techniques; and 

(4) the transfection and expression of the humanised antibody. 

The invention therefore provides a DNA sequence encoding an antibody chain which 
comprises one or more of the sequences according to: 

CDRLl base pair numbers 70-1 1 7 of Figure 3 (SEQ ID NOS: 4) 
CDRL2 base pair numbers 163-183 of Figure 3 (SEQ ID NOS: 6) 
CDRL3 base pair numbers 280-306 of Figure 3 (SEQ ID NOS: 8) 

CDRHl base pair numbers 91-105 of Figure 4 (SEQ ID NOS: 10) 
CDRH2 base pair numbers 148-204 of Figure 4 (SEQ ID NOS: 12) 
CDRH3 base pair numbers 301-309 of Figure 4 (SEQ ID NOS: 14) 

or a DNA sequence encoding an antibody chain which comprises one or both of the 
sequences according to Figures 3 or 4 (SEQ ID NOS: 17 or 18). 

Step 1: Determining the nucleotide and predicted amino acid sequence of the 
antibody light and heav)' chain variable domains 

To humanise an antibody only the amino acid sequence of antibody's heavy and light 
chain variable domains needs to be known. The sequence of the constant domains is 
irrelevant because these do not contribute to the reshaping strategy. The simplest 
method of determining an antibody's variable domain amino acid sequence is from 
cloned cDNA encoding the heavy and light chain variable domain. 



There are two general methods for cloning a given antibody's heavy and light chain 
variable domain cDNAs: (1) via a conventional cDNA library, or (2) via the 
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polymerase chain reaction (PCR). Both of these methods are widely known. Given 
the nucleotide sequence of the cDNAs, it is a simple matter to translate this 
information into the predicted amino acid sequence of the antibody variable domains. 
In the present instance, the nucleotide sequence and predicted amino acid sequence 
of the rodent Cll antibody chains are shown in Figures 1 and 2 (SEQ ID NOS: 1 
(heavy) and 2 (light)). 

Step 2: Designing the humanised antibody 

There are several factors to consider in deciding which human antibody sequence to 
use during the humanisation. The humanisation of light and heavy chains are 
considered independently of one another, but the reasoning is basically similar for 
each. 

This selection process is based on the following rationale: a given antibody's antigen 
specificity and affinity is primarily determined by the amino acid sequence of the 
variable region CDRs. Variable domain fi-amework residues have little or no direct 
contribution. The primary function of the fi-amework regions is to hold the CDRs in 
their proper spatial orientation to recognise antigen. Thus the substitution of rodent 
CDRs into a human variable domain framework is most likely to result in retention 
of their correct spatial orientation if the human variable domain framework is highly 
homologous to the rodent variable domain from which they originated. A human 
variable domain should preferably be chosen therefore that is highly homologous to 
the rodent variable domain(s). 

A suitable human antibody variable domain sequence can be selected as follows: 

1. Using a computer program, search all available protein (and DNA) databases for 
those human antibody variable domain sequences that are most homologous to the 
rodent antibody variable domains. The output of a suitable program is a list of 
sequences most homologous to the rodent antibody, the percent homology to each 
sequence, and an alignment of each sequence to the rodent sequence. This is done 
independently for both the heavy and light chain variable domain sequences. The 
above analyses are more easily accomplished if only human immunoglobulin 
sequences are included. 
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2. List the human antibody variable domain sequences and compare for homology. 
Primarily the comparison is perforaied on length of CDRs, except CDR3 of the 
heavy chain v^hich is quite variable. Human heavy chains and Kappa and Lambda 
light chains are divided into subgroups; Heavy chain 3 subgroups, Kappa chain 4 
subgroups. Lambda chain 6 subgroups. The CDR sizes within each subgroup are 
similar but vaiy between subgroups. It is usually possible to match a rodent 
antibody CDR to one of the human subgroups as a first approximation of 
homology. Antibodies bearing CDRs of similar length are then compared for 
amino acid sequence homology, especially within the CDRs, but also in the 
surrounding fi-amework regions. The human variable domain which is most 
homologous is chosen as the fi-amework for humanisation. 

Step 3:The actual humanising methodologies/techniques 

An antibody may be humanised by grafting the desired CDRs onto a human 
framework according to EP-A-0239400. A DNA sequence encoding the desired 
reshaped antibody can therefore be made beginning with the human DNA whose 
CDRs it is wished to reshape. The rodent variable domain amino acid sequence 
containing the desired CDRs is compared to that of the chosen human antibody 
variable domain sequence. The residues in the human variable domain are marked 
that need to be changed to the corresponding residue in the rodent to make the human 
variable region incorporate the rodent CDRs. There may also be residues that need 
substituting in, adding to or deleting from the human sequence. 

Oligonucleotides are synthesised that can be used to mutagenise the human variable 
domain framework to contain the desired residues. Those oligonucleotides can be of 
any convenient size. One is normally only limited in length by the capabilities of the 
particular synthesiser one has available. The method of oligonucleotide-directed in 
vitro mutagenesis is well known. 

Alternatively, humanisation may be achieved using the recombinant polymerase 
chain reaction (PCR) methodology of WO92/07075. Using this methodology, a 
CDR may be spliced betv^'een the framework regions of a human antibody. 

In general, the technique of WO92/07075 can be performed using a template 
comprising two human framework regions, AB and CD, and between them, the CDR 
which is to be replaced by a donor CDR. Primers A and B are used to amplify the 
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framework region AB, and primers C and D used to amplify the framework region 
CD. However, the primers B and C each also contain, at their 5' ends, an additional 
sequence corresponding to all or at least part of the donor CDR sequence. Primers B 
and C overlap by a length sufficient to permit annealing of their 5' ends to each other 
under conditions which allow a PCR to be performed. Thus, the amplified regions 
AB and CD may undergo gene splicing by overlap extension to produce the 
humanised product in a single reaction. 

Step 4: The transfection and expression of the reshaped antibody 

Following the mutagenesis reactions to reshape the antibody, the mutagenised DNAs 
can be linked to an appropriate DNA encoding a light or heavy chain constant region, 
cloned into an expression vector, and transfected into host cells, preferably 
mammalian cells. These steps can be carried out in routine fashion. A reshaped 
antibody may therefore be prepared by a process comprising: 

(a) preparing a first replicable expression vector including a suitable promoter 
operably linked to a DNA sequence which encodes at least a variable domain of 
an Ig heavy or light chain, the variable domain comprising framework regions 
from a human antibody and the CDRs required for the humanised antibody of the 
invention; 

(b) preparing a second replicable expression vector including a suitable promoter 
operably linked to a DNA sequence which encodes at least the variable domain of 
a complementary Ig light or heavy chain respectively; 

(c) transforming a cell line with the first or both prepared vectors; and 

(d) culturing said transfomied cell line to produce said altered antibody. 

Preferably the DNA sequence in step (a) encodes both the variable domain and the or 
each constant domain of the human antibody chain. The humanised antibody can be 
recovered and purified. The cell line which is transformed to produce the altered 
antibody may be a Chinese Hamster Ovary (CHO) cell line or an immortalised 
mammalian cell line, which is advantageously of lymphoid origin, such as a 
myeloma, hybridoma, trioma or quadroma cell line. The cell line may also comprise 
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a normal lymphoid cell, such as a B-cell, which has been immortalised by 
transformation with a virus, such as the Epstein-Barr virus. Most preferably, the 
immortalised cell line is a myeloma cell line or a derivative thereof The expression 
system of choice is the glutamine synthetase expression system described in 
WO87/04462. 

Although the cell line used to produce the humanised antibody is preferably a 
mammalian cell line, any other suitable cell line, such as a bacterial cell line or a 
yeast cell line, may alternatively be used. For single antibody chains, it is envisaged 
that E. coli - derived bacterial strains could be used. The antibody obtained is 
checked for functionality. If functionality is lost, it is necessary to return to step (2) 
and alter the framework of the antibody. 

The invention therefore provides an expression vector comprising DNA encoding 
and adapted for the expression of an antibody according to the invention and host 
cells transformed with said expression vectors. 

Once expressed, the whole antibodies, their dimers, individual light and heavy 
chains, or other immunoglobulin forms of the present invention can be purified 
according to standard procedures of the art, including ammonium sulfate 
precipitation, affinity columns, colunrm chromatography, gel electrophoresis and the 
like (see, generally. Scopes, R., Protein Purification . Springer-Verlag, N.Y. (1982)). 
Substantially pure immunoglobulins of at least about 90 to 95% homogeneity are 
preferred, and 98 to 99% or more homogeneity most prefeired, for pharmaceutical 
uses. Once purified, partially or to homogeneity as desired, a an antibody may then 
be used therapeutically or in developing and performing assay procedures, 
immuno fluorescent stainings, and the like (See, generally . Immunological Methods . 
Vols. I and II, Lefkovits and Pemis, eds., Academic Press, New York, N.Y. (1979 
and 1981)). 

The antibody may function by blocking the interaction between membrane bound 
CD23 and a ligand which binds to it. In vitro assays e.g. radio-immune assays may 
be used to study such a blocking effect. The antibody may also function by binding 
to soluble CD23. Membrane bound CD23 is known to undergo cleavage from the 
cell surface leading to the formation of a number of soluble fragments. These 
fragments act like cytokines and play a major role in IgE formation. Excessive levels 
of soluble CD23 have therefore been implicated in disease. By binding to these 
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fragments the antibodies according to the invention can interfere with the ability of 
the soluble CD23 to mediate its effects. The antibodies according to the invention 
are also believed to prevent soluble CD23 production by preventing cleavage of the 
membrane bound receptor. The invention therefore provides the use of an anti-CD23 
antibody in the manufacture of a medicament for blocking soluble CD23 formation. 

The ability of any antibody to mediate its effect will be related to its affinity for the 
target antigen. Antibodies according to the invention have a very high affinity for 
the CD23 receptor. The affinity constant of such antibodies is preferably greater than 
1x10^ Ka MoT* and more preferably greater than 1x10^° Ka MoT' . This invention 
therefore provides antibodies capable of binding the CD23 receptor or soluble CD23 
characterised by an affinity constant equal to or greater than 1x10' Ka MoT' 

Antibodies which bind to the CD23 receptor can be used in vivo in the treatment or 
prophylaxis of inflammatory or autoimmune diseases. This is of great significance 
given the fact that many of these diseases are difficult or impossible to treat 
effectively, despite long standing research into their research into their nature causes. 
This is particularly the case in respect of arthritis, which often affects people in 
middle age and can cause them to give up work prematurely. An effective treatment 
of arthritis has been a long standing goal of many research groups. 

The antibodies of the present invention are believed to be useful in the treatment or 
prophylaxis of several diseases including arthritis, lupus erythematosus, Hashimotos 
thyroiditis, multiple sclerosis, diabetes, uveitis, dermatitis, psoriasis, urticaria, 
nephrotic syndrome, glomerulonephritis, inflammatory bowel disease, ulcerative 
colitis, Crohn's disease, Sjogren's syndrome, allergies, asthma more specifically, 
allergic or intrinsic asthma, acute asthmatic exacerbation, rhinitis, eczema, GVH, 
COPD, insulitis, bronchitis (particularly chronic bronchitis) or diabetes (particularly 
Type 1 diabetes). 

The present invention therefore provides the use of an antibody according to the 
invention in the manufacture of a medicament for the treatment of any one or more of 
the above disorders. The invention also provides a method for the treatment of one 
or more of the above disorders comprising the administration of a therapeutically 
effective dose of an antibody according to the invention. 



13 

Antibodies according to the invention may also be useful in studying the interactions 
between CD23 and various ligands e.g. between CD23 and CD21, between CD23 
and CDllb, between CD23 and CDllc, between CD23 and an 80 to 85 KDa 
endothelial cell protein(which may be an 80 or 85 KDa endothelial cell protein) or 
between CD23 and a 1 15 KDa protein (which is believed to be related to the 80 to 85 
KDa endothelial protein). One or more of the above interactions are believed to 
occur in vivo. Antibodies or other binding agents which are capable of blocking 
these interactions are particularly preferred since it is believed that they may be 
especially suitable for reducing or alleviating cytokine mediated inflammatory 
effects. They may be useful against B-cell malignancies such as chronic 
lymphocytic leukaemia, and hairy cell leukaemia. 

An alternative mechanism of action of anti CD23 therapy could involve the blocking 
of an IgE immune response. 

Antibodies of this invention are also of particular use in the treatment of prophylaxis 
of allergic diseases, including non-IgE mediated diseases. They may be used in the 
treatment and prophylaxis of ulcerative colitis. They may also be used in the 
treatment and prophylaxis of Crohn's disease. 

The antibodies of the present invention may be used alone or in combination with 
immunosuppressive agents such as steroids, cyclosporin, or antibodies such as an 
anti-lymphocyte antibody or more preferably with a tolerance-inducing, anti- 
autoimmune or anti-inflammatory agent such as a CD4+T cell inhibiting agent e.g. 
an anti-CD4 antibody (preferably a blocking or non-depleting antibody), an anti-CD8 
antibody, a TNF antagonist e.g. an anti-TNF antibody or TNF inhibitor e.g. soluble 
TNF receptor, or agents such as NSAIDs. 

Suitable dosages of the substance of the present invention will vary, depending upon 
factors such as the disease or disorder to be treated, the route of administration and 
the age and weight of the individual to be treated. Without being bound by any 
particular dosages, it is believed that for instance for parenteral administration, a 
daily dosage of from 0.01 to 20 mg/kg of a antibody of the present invention (usually 
present as part of a pharmaceutical composition as indicated above) may be suitable 
for treating a typical adult. More suitably the dose might be 0.1 to 5 mg/kg, such as 
0. 1 to 2 mg/kg. A unit dose suitably be will be 1 -400 mg. 
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The antibodies can also be used as separately administered compositions given in 
conjunction with chemotherapeutic or immunosuppressive agents. Typically, the 
agents will include cyclosporin A or a purine analog ( e.g. . methotrexate, 6- 
mercaptopurine, or the like), but numerous additional agents (e^, 
cyclophosphamide, prednisone, etc.) well-knov^ to those skilled in the art may also 
be utilised. 

If it is desired to lyse the cells to which the antibody binds, an antibody of the present 
invention may form part of an immunotoxin. Immunotoxins are characterised by two 
components and are particularly useful for killing selected cells in vitro or in vivo . 
One component is a cytotoxic agent which is usually fatal to a cell when attached or 
absorbed. The second component, known as the "delivery vehicle", provides a 
means for delivering the toxic agent to a particular cell type, such as cells comprising 
a carcinoma. The two components are commonly chemically bonded together by 
any of a variety of well-knowoi chemical procedures. For example, when the 
cytotoxic agent is a protein and the second component is an intact immunoglobulin, 
the linkage may be by way of heterobifimctional cross-linkers, e.g. , SPDP, 
carbodiimide, glutaraldehyde, or the like. Production of various immunotoxins is 
well-knowTi with the art, and can be found, for example in "Monoclonal Antibody- 
Toxin Conjugates: Aiming the Magic Bullet", Thorpe et al, Monoclonal Antibodies 
m riimV.al Medicine. Academic Press, pp. 168-190 (1982). 

A variety of cytotoxic agents are suitable for use in immunotoxins. Cytotoxic agents 
can include radionuclides, such as Iodine-131, Yttrium-90, Rhenium-188, and 
Bismuth-212; a number of chemotherapeutic drugs, such as vindesine, methotrexate, 
adriamycin, and cisplatin; and cytotoxic proteins such as ribosomal inhibiting 
proteins like pokeweed antiviral protein, Pseudomonas exotoxin A, ricin, diphtheria 
toxin, ricin A chain, etc., or an agent active at the cell surface, such as the 
phospholipase enzymes ( e.g. . phospholipase C). See, generally, "Chimaeric Toxins," 
Olsnes and Phil, Pharmac. Ther. . 25:335-381 (1982), and "Monoclonal Antibodies 
for Cancer Detection and Therapy," eds. Baldwin and Byers, pp. 159-179, 224-266, 
Academic Press (1985). 

The delivery component of the immunotoxin is an antibody according to the present 
invention. Intact immunoglobulins or their binding fragments, such as Fab, are 
preferably used. Typically, the antibodies in the immunotoxins will be of the human 
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IgA, IgM or IgG isotype, but other mammalian constant regions may be utilised as 
desired. 

The invention further provides a pharmaceutical composition comprising a 
pharmaceutially acceptable carrier or diluent and, as active ingredient, an antibody 
according to the invention. The composition may comprise an immunotoxin 
according to the invention. The antibody, immunotoxin and pharmaceutical 
compositions thereof of this invention are particularly useful for parenteral 
administration, i.e., subcutaneously, intramuscularly or intravenously. 

The compositions for parenteral administration will commonly comprise a solution 
of the antibody or a cocktail thereof dissolved in an acceptable carrier, preferably an 
aqueous carrier. A variety of aqueous carriers can be used, e.g., water, buffered 
water, 0.4% saline, 0.3% glycine and the like. These solutions are sterile and 
generally free of particulate matter. These compositions may be sterilised by 
conventional, well known sterilisation techniques. The compositions may contain 
pharmaceutically acceptable auxiliary substances as required to approximate 
physiological conditions such as pH adjusting and buffering agents, toxicity 
adjustment agents and the like, for example sodium acetate, sodium chloride, 
potassium chloride, calcium chloride, sodium lactate, etc. The concentration of 
antibody in these formulations can vary widely, for example from less than about 
0.5%, usually at or at least about 1% to as much as 15 or 20% by weight and will be 
selected primarily based on fluid volumes, viscosities, etc., in accordance with the 
particular mode of administration selected. 

Thus, a typical pharmaceutical composition for intramuscular injection could be 
made up to contain 1 ml sterile buffered water, and 50 mg of antibody. A typical 
composition for intravenous infusion could be made up to contain 250 ml of sterile 
Ringer*s solution, and 150 mg of antibody. Actual methods for preparing 
parenterally administrable compositions will be known or apparent to those skilled in 
the art and are described in more detail in, for example. Remington's Pharmaceutical 
Science . 15th ed.. Mack Publishing Company, Easton, Pennsylvania (1980). 

The antibodies of this invention can be lyophilised for storage and reconstituted in a 
suitable carrier prior to use. This technique has been shown to be effective with 
conventional immune globulins. Any suitable lyophilisation and reconstitution 
techniques can be employed. It will be appreciated by those skilled in the art that 
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lyophilization and reconstitution can lead to varying degrees of antibody activity loss 
( e.g. , with conventional immune globulins, IgM antibodies tend to have greater 
activity loss than IgG antibodies) and that use levels may have to be adjusted to 
compensate. 

Single or multiple administrations of the compositions can be carried out with dose 
levels and pattern being selected by the treating physician. In any event, the 
pharmaceutical formulations should provide a quantity of the antibody(ies) of this 
invention sufficient to effectively treat the patient. 

Antibodies of the present invention can further find a wide variety of utilities in vitrp. 
By way of example, the exemplary antibodies can be utilised for T-cell typing, for 
isolating specific CD23 antigen bearing cells or fi-agments of the receptor, for 
vaccine preparation, or the like. 

For diagnostic purposes, the antibodies may either be labelled or unlabelled. 
Unlabelled antibodies can be used in combination with other labelled antibodies 
(second antibodies) that are reactive with the humanised antibody, such as antibodies 
specific for human immunoglobulin constant regions. Alternatively, the antibodies 
can be directly labelled. A wide variety of labels may be employed, such as 
radionuclides, fluors, enzymes, enzyme substrates, enzyme cofactors, enzyme 
inhibitors, ligands (particularly haptens), etc. Numerous types of immunoassays are 
available and are well knovm to those skilled in the art. 

Kits can also be supplied for use with the subject antibodies in the protection against 
or detection of a cellular activity or for the presence of a selected antigen. Thus, an 
antibody of the present invention may be provided, usually in a lyophilised form in a 
container, either alone or in conjunction with additional antibodies specific for the 
desired cell type. The antibodies, which may be conjugated to a label or toxin, or 
unconjugated, are included in the kits with buffers, such as Tris, phosphate, 
carbonate, etc., stabilisers, biocides, inert proteins, e.g. . serum albumin, or the like, 
and a set of instructions for use. Generally, these materials will be present in less 
than about 5% vA. based on the amount of active antibody, and usually present in 
total amount of at least about 0.001% wt, based again on the antibody concentration. 
Frequently, it will be desirable to include an inert extender or excipient to dilute the 
active ingredients, where the excipient may be present in from about 1 to 99% wt. of 
the total composition. Where a second antibody capable of binding to the chimaeric 
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antibody is employed in an assay, this will usually be present in a separate vial. The 
second antibody is typically conjugated to a label and formulated in an analogous 
manner with the antibody formulations described above- 
Figures 

Figure 1 shows the amino acid and nucleotide sequences of the murine Cll heavy 
chain variable region. 

Figure 2 shows the amino acid and nucleotide sequences of the murine Cll light 
chain variable region. 

Figure 3 shows the amino acid and nucleotide sequences of the humanised anti-CD23 
antibody heavy chain variable region. 

Figure 4 shows the amino acid and nucleotide sequences of the humanised anti-CD23 
antibody light chain variable region. 

Figure 5 shows the half maximal binding of chimaeric CD23 IgGlm 

Figure 6 shows the half maximal binding of humanised CD23 IgGlm 

The following Examples illustrate the invention. 

Cloning and Sequencing of the murine anti-CD23 monoclonal antibody Cll 
General methodology 

Unless otherwise stated, the following standard procedures and conditions were used. 
Manufacturers' recommended protocols were followed where applicable. Restriction 
digestions and other routine molecular biology procedures were performed essentially 
as described by Maniatis et al ("Molecular Cloning - a laboratory manual" 2"'' edition, 
Cold Spring Harbour Press). 

PCR was performed using a programmable thermal cycler (Trio; Biometra). A typical 
100 |il reaction contained 2.5 units of AmpliTaq polymerase (Perkin-Elmer-Cetus, 
Beaconsfield, UK) in the buffer supplied by the manufacturer; 250 ^iM each of dATP, 
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dCTP, dGTP and dTTP; amplification primers at 1 ]iM and template DNA. Unless 
otherwise noted, the following cycle specifications were used: 



DNA sequencing was performed using the dideoxy terminator method using either the 
Sequenase v2 system (USB, Cambridge, UK) or the fluorescent dye-terminator system 



Gel purification of DNA was performed by separation of the reaction on a low- 
melting point agarose gel (NuSieve GTG, FMC, Rockland, ME). The chosen 
fragment was excised under UV illumination, and the DNA recovered using a Wizard 
PGR Preps kit (Promega, Southampton, UK). 

Numbering of amino-acid residues in antibody chains follows the scheme of Kabat et 
al ("Sequences of proteins of immunological interest", US Dept of Health and Human 
Services, US Govt Printing Office, 1991). 

Preparation of cDNA from Cll hybridoma 

A growing culture of Cll cells was used for RNA extraction. A culture containing 
1.3 X 10^ cells were centrifliged and both cell pellet and supernatant retained for 
analysis. The supernatant was tested for the presence of murine immunoglobulin of 
various isotypes by an immunological method (ISOl kit; Sigma, Poole, UK) and the 
CI 1 monoclonal was found to be of isotype IgGl . 

Messenger RNA was isolated from the cell pellet by sequential application of a Total 
RNA Isolation Kit (Stratagene, Cambridge, UK) (producing total RNA) and then a 
mRNA Purification Kit (Dynal, Oslo, Norway). Portions of both the mRNA and the 
total RNA were then converted to single-stranded cDNA using the Superscript 
Preamplification System (BRL, Paisley, Scotland, UK). Aliquots of the resulting 
cDNA were used in PCRs designed to separately amplify the variable regions of the 
CI 1 immunoglobulin heavy and light chains. 



Step 0: 
Step 1 : 
Step 2: 
Step 3: 
Step 4: 



95 °C for 5 minutes 
95 °C for 1 minute 



50°C for 1 minute, ramping up to step 3 at 0.4°C/s 

72°C for 1 minute, go to step 1, repeating the loop 30 times 

72°C for 5 minutes 



(ABI). 
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Cloning and sequencing of the Cll heavy chain variable region 

The heavy chain was cloned by a variation of the method of Bendig and Jones 
(Bio/Technology 9:88-89) in which 12 forward primers specific to the signal peptide 
region of the heavy chain message and 1 reverse primer specific for the mouse yl 
constant region are used in a PCR to amplify the entire variable region. Rather than 
add all 12 forward primers to a single reaction, 12 separate PCRs were performed, 
each using one of the forward primers in combination with the yl reverse primer. 
These reactions were performed with an annealing temperature of 42.5°C (Step 2 in 
the scheme above). 

Samples of each reaction were analysed on an agarose gel, and a band of the expected 
size seen only in the reaction that used the forward primer MHVll. Based on this 
result, two PCRs using MVHll and the yl reverse primer were performed using 
cDNA derived from mRNA and from total RNA respectively. The use of two 
independent PCRs to serve as a source of material for cloning is a common device 
well known in the art for the avoidance of sequence errors caused by misincorporation 
of nucleotides by Taq polymerase. 

The resulting PCR fragments were digested with Xmal and Sail, gel purified, and then 
cloned into pUC18. The inserts from a number of clones from each PCR were 
sequenced and found to be identical, suggesting that the sequence does not contain 
errors introduced by the PCR process. The complete sequence of the variable region 
is shown in Figure 1 (SEQ ID 1), and is a perfect match to the Kabat Group IIIC 
heavy chain consensus. 

Cloning and sequencing of the Cll light chain variable region 

The CI 1 light chain variable region was cloned by a similar process, again involving a 
set of 1 1 forward primers specific for the signal peptide region of the light chain 
message and 1 reverse primer specific for the mouse k constant region (Bendig and 
Jones, op cit). Additionally, as we have previously determined that this primer set 
does not efficiently amplify all mouse kappa light chains, we included another primer, 
here termed MKV12 (sequence 5' 

ACTAGTCGACATGAAGTTTCCTTCTCAACTTCTGCTC3'). As above, separate 
PCRs, each including one forward primer and the k constant reverse primer, were 
performed, and analysed by agarose gel electrophoresis. 
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Three of the reactions produced products of the expected size. These were separately 
digested with Sail and Xmal, purified, and cloned into pUCl8 to yield clones 
designated VKI, VKJ and VKX. These were partially sequenced to determine their 
identity. Partial sequence for clone VKJ was found to be identical with a known 
sequence, a light chain derived from the MOPC21 myeloma which has a frameshift in 
CDR3 (Genbank M35669), and so VKI was discarded. Partial sequence for clone 
VKK, including CDR3, was found to be identical with the productively rearranged 
MOPC21 Hght chain (Genbank J00560, J00552). This of itself does not preclude the 
VKK clone from being the correct Cll light chain as both light chains may share 
CDR3 in the germline configuration, but given that the myeloma parent of the 
hyridoma was knovm to be a MOPC21 derivative, and that another MOPC21 related 
sequence had already been identified (clone VKI), clone VKK was thought unlikely to 
be correct. 

Clone VKJ was considered most likely to represent the true Cll light chain variable 
region, as the partial sequence was not identical with any sequence in Genbank. VKJ 
was sequenced fiilly, and found to be a fiilly-functional light chain sequence, without 
frameshifts, most likely using the VKI 67 or VK24 genes, placing it as an atypical 
Kabat group II sequence. The complete sequence of the VKJ clone is shown in Figure 
2 (SEQ ID 2). A second independent PCR using the primer pair that produced the 
VKJ clone was also performed, and the product cloned and sequenced as above to 
preclude the possibility that the VKJ sequence contained PCR errors. Clones from 
this second amplification had a sequence identical to the original VKJ clone. 

Definitive proof that VKJ contained the CI 1 light chain variable region was obtained 
through the construction of a chimaeric antibody using this VK and the VH described 
above. This antibody was shown to bind CD23. 

Designing the chimaeric antibody 

To verify that the correct heavy and light chain variable regions had been cloned and 
sequenced, a chimaeric anti-CD23 was constructed. The heavy chain variable region 
was amplified using the clones from the cDNA library. The forward primer 
contained the 5' cloning site (Hind III), 5' untranslated sequence including a 
functional Kozac signal, together with the first six codons of the murine variable 
heavy region. The reverse primer engineers a Spe I site into Framework 4 in frame 
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to fuse to a human gamma I constant region. These primers generated a 430 base 
pair product. 

Heavy chain anti-CD23 chimaeric PCR oligos 

5' gAT gAA gCT TTA CAg TTA CTC AgC AC A CAg gAC CTC ACC ATg gAT 
TTT ggg CTg ATT 3 ' SEQ ID 1 9 

5 ' gAT ggA CTA gTg TCC CTT ggC CCC A3' SEQ ID 20 

The primers for amplification of the anti-CD23 light chain variable region to make 
chimaeric light chain were constructed containing the 5' cloning site (Hind III), 5' 
untranslated sequence including a functional Kozac signal, together with the first six 
codons of the murine variable light chain. The reverse primer contained a BsiW 1 
site and anticodons for the indicated amino acids. The redundancy codes are 
standard: Y = T or C; K= T or G; V = A, G or C. The product was 420 base pairs. 

Light chain anti-CD23 chimaeric PCR oligos 

5' gAT gAA gCT TTA CAg TTA CTC AgC AC A CAg gAC CTC ACC ATg Agg 
TTC TCT gTT CAg 3 ' SEQ ID 2 1 

5' gAT gCg TAC gTY TKA TYT CCA VCT TKG T 3' SEQ ID 22 
T R K I E L K T 
R V 

The heavy chain PCR products were cleaned, cut with Hind III and Spe I, then 
cloned into a pUC vector cut with Hind III and Spe I containing a human gamma I 
constant region. The human constant region used was the IgGl heavy chain 
described in Reichmann L et al (1988) Nature 322, 323-327 but in cDNA context as 
described in Page, M. J. and Sydenham, M. A. (1991) Biotechnology 9, 64-68 and 
Crowe J. S .et al Clinical Exp Immunol (1992) 87 105. 

The variable and constant region was removed fi-om the pUC vector with Hind III 
and Eco Rl, then cloned into the Hind III - Eco Rl site of the expression vector 
pEE6 obtained fi-om Celltech (Stephens & Cockett and Nucl. Acids. Res. (1989) 17, 
7110). 
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When the heavy chain chimaeric was sequenced, 100 base pairs of 5' sequence were 
missing. Upon examination of the murine variable heavy chain sequence, an internal 
Hind III site was observed. To create the complete heavy chain variable sequence 
generated in the PCR products, the PGR product was digested with Hind III and the 
small 100 base pair fragment cloned into a Hind III digested pEE6 containing the 
chimaeric anti-CD23 heavy chain. 

The light chain PCR products were cleaned, then cut with Hind III and BsiW 1 , then 
ligated into a pUC vector containing the human kappa constant region. The human 
kappa constant region used was as described in Reichmann et al Nature 1988 (supra). 
The light chain variable and constant region was removed from the pUC vector with 
Hind III and Eco Rl . This fragment was cloned into the Hind III - Eco Rl site of the 
expression vector pEE12 obtained from Celltech (Bebbington and Hentschel, In 
DNA cloning Vol 3, Chapter 8 IRL PRESS 1987). 

The chimaeric heavy chain was isolated as a Bgl 11 - Sal I cassette and inserted at the 
Bam HI - Sal I site of the pEE12 light chain plasmid, such that the light and heavy 
chain genes were in the same plasmid. 

The final expression plasmid containing the chimeric CD23 was transiently 
expressed in COS cells (green monkey kidney cells) as follows. Transfectam 
(Promega) was reconstituted to Img/ml according to the recommended protocol of 
the manufacturer. On the day prior to transfection, 5.0 X 10^ cells per well were 
plated in a six well plate (Costar) in a total volume of 2.5 ml of media. Medium was 
Dulbecco's Modified Eagle Medium (Gibco/BRL) and 10% dialysed fetal calf serum 
(Hyclone). The plates were incubated overnight at 37°C. For each well in the 6-well 
plate, 20)al of Transfectam was added to 0.5 ml of serum free media in a sterile 
polystyrene bijoux container, then vortex ed briefly. For each well to be transfected, 
4 fig of plasmid DNA was added to the 0,5ml of Transfectam solution in serum free 
media, then mixed well and left at room temperature for about 10 minutes while 
preparing the cells for transfection. Medium was aspirated from the cells to be 
transfected, then the cells were carefully rinsed 1 or 2 times with 5 ml pre-warmed 
serum free media per well, and then 0.5 ml of serum free media was added to each 
well. Previously prepared 0,5 ml DNA/Transfectam solution was added into each 
well and when all wells completed, the plate was gently swirled to ensure mixing. 
The plate was returned to the incubator for 4 hours. Two ml of complete medium 
(containing 1.5 times the normal serum concentration) was added to the transfection 
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solution. The plates were returned to the incubator for three days when the medium 
was harvested from the plates, and assayed for antibody activity. 

The chimaeric antibody bound sCD23 in an ELISA assay. For the ELISA assay to 
determine sCD23 binding, EIA/RIA plates (Costar) were coated with 100 |il/well of 
2 fig/ml sCD23 in 35 mM NaHC03, 15 mM Na^CO^, pH 9.3 overnight at 4 °C. 
Plates were washed three times with 150 mM NaCl, 50 mM Trizma base, 0.1% (v/v) 
Tween-20, pH 7.4 (TBS/Tween), blocked for 1-2 hours at 22 ° C with 100 )aywell of 
2% bovine serum albumin in TBS/Tween, and washed three times with TBS/Tween. 

Dilutions of supematants from the murine hybridoma CI 1 were added 100 |al/well on 
one part of the 96 well plate and dilutions of the chimaeric anti-CD23 antibody 
transiently expressed in the supematants of COS cells was added to another part of 
the 96 well plate. The Cll murine antibody was detected with anti-mouse IgG 
(whole molecule) peroxidase conjugate developed in goat from Sigma A4416, 
diluted 1:1000 in PBS/BSA( bovine serm albumin) (1%). The chimaeric anti-CD23 
antibody was detected with anti-human kappa light chain (bound and free) 
peroxidase conjugate, (Sigma A-7164), diluted 1:5000 in PBS/BSA (1%). 
Chimaeric anti-CD23 was positive for binding sCD23 in the ELISA. 

The chimaeric anti-CD23 was also positive in binding membrane CD23 as 
determined by FACS. These data verified that the correct murine Cll heavy and 
light chain variable regions had been cloned and sequenced. These murine sequences 
were then used to develop the humanised anti-CD23 antibody. 

Construction of the humanised heavy and light chain genes 

The humanised heavy and light chains were constructed following the method of 
Lewis and Crowe (Genel£l, 297-302, 1991). 

(i) Light Chain 

The mouse framework variable region sequences were compared to human 
framework sequences in the GenBank database. 

Light chain human frameworks were compared for homology to the mouse anti- 
human anti-CD23 light chain variable framework sequence. The framework most 
homologous was chosen as template for PCR overlap extension; it was: 
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Locus: HSIGKVII 490 bp mRNA 

Definition: Human rearranged DNA for kappa-immunoglobulin leader peptide and 
variable region 
Source: homo sapiens 

Authors: Klobeck, H.G. et al. Contribution of human V kappa II germ-line genes to 
light chain diversity, Nature, 309, 73-76, 1984. 

Each amino acid that differed at the same position in the mouse and human 
framework was examined. The human amino acid v^as kept if the antigen binding is 
not affected because human residues should be less inmiunogenic than a mouse 
residue. The identification of specific residues that affect binding has to be 
hypothetical and based on data from other antibody-antigen interactions. From 
published data, residues 71, 91, and 94 in the heavy chain framework have been 
shown to interact with antigen binding (Tramontano, A., Chothia, C, and A.M. Lesk, 
J. Mol. Biol., 115, 175-182, 1990.; Kettleborough, C.A., Saldanha, J., Heath, V,J., 
Morrison, C.J. and M.M. Bendig, Protein Eng, 4, 773-783, 1991). These residues 
should therefore, be the same in the humanised framework as in the mouse 
framework. Each amino acid change is considered for size, hydrophobicity, 
hydrophilicity, and charge. If the human amino acid is similar to the mouse amino 
acid in these characteristics, then the human amino acid is used at this site. 

There were 13 differences between the amino acid sequence of the mouse light chain 
variable framework sequence and the most homologous human variable light chain 
sequence. None of the mouse residues were retained. A humanised light chain 
variable sequence was generated and a GCG program was used to identify silent sites 
for the following enzymes: 
AccI; Hael; Nhel; PvuII; Xbal; Xhol; Xmal 

Changes in the nucleotide sequence were made to include these restriction enzyme 
sites without changing the amino acid sequence. The presence of these sites were 
included to make cutting and pasting fragments of PCR clones easier. 

The humanised variable light chain was generated by grafting the mouse light chain 
CDRs onto an existing template (eg HSIGKVII Klobek, H. G. et al Nature (1984) 
309, 73-76) containing the chosen human light chain framework sequence using 
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splice overlap PGR. (Crowe, et al.supra.) Plasmids encoding the humanised hght 
chain variable sequences were developed as follows: 

A Kozac sequence for transcription and a signal sequence 
(MGWSCIILFLVATATGVHS - SEQ ID 15) is included in the light chain template 
sequence. A Hindlll site was added at the 5' end and a Bswi I site added at the 3' 
end of the PGR product for cloning. The oligos for PGR overlap extension were: 

Al:SEQ id NO: 23 5' gAT GAA gGT TGT GTA CAg TTA GTg AgG AGA 3' 

Bl:SEQ id NO: 24. 5' AAT GAA gTA TgT GTT CGG ATG GTT ATA GAg 
gAg AGT GTT AGT GgA gGg AGA ggA gAT ggA ggG 3 ' 

Gl:SEQ id NO: 25. 5' GgC TGg AgT AAg AgT GTG GTg TAT AAg gAT ggg 
AAg AGA TAG TTg AAT Tgg TAG GTg GAg AAg 3' 

Dl-SEQ id NO: 26. 5' TgA TgC GGg ggT ggA GAT GAA ATA gAT GAg gAg 
GTg 3' 

El:SEQ id NO: 27. 5' TTg ATg TGC AGG Ggg gGA TGA ggg gTG GGT gAG 
Agg3' 

Fl:SEQ id NO: 28. 5' AgG GAG GTg AGg TTT gAT GTG GAG GTT ggT GGG 
TTg 

gGC gAA GgT gAA Tgg ATA GTG TAG GAg GTg TTg AGA gTA ATA AAG 
GGC 3' 

PGR reactions (Saiki ^ al. Science 232, 487-491, 1988) were performed in a 
programmable heating block (Perkin Elmer, GeneAmp 9600) using 25 rounds of 
temperature cycling (94°G for 1 minute, 50°C for 2 min, and 72°G for 3 min) 
followed by a final 5 min step at 72°G. Primers (at 40uM concentration each), a 
specified amount of template, and 2.5 units of lag polymerase (Perkin Elmer Getus) 
were used in a final volume of 50ul with the reaction buffer as recommended by the 
manufacturer. 



Three primary PCR reactions were initially carried out, with lOng of template per 
reaction, using the primer pairs Al with Bl, Cl with Dl, El with Fl respectively. 
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The products of these PGR reactions, fragments ABl, CDl and EF^ respectively, 
were purified using Qiaquick PGR Purification Kit (Qiagen Ltd, Surrey, UK, product 
#28104) following the protocol recommended by the manufacturer. Fragments ABl 
and GDl were combined using one tenth of each purified product, and subjected to 
recombinant PGR reactions with primers Al and Dl. The product of this reaction, 
fragment ADl ^vas purified as above, and one tenth of the product was combined in a 
recombinant PGR reaction with one tenth of purified EF^ using primers Al and Fl- 
The final humanised light chain recombinant PGR product, AFl, was ligated into 
pGR™ II from "TA Gloning Kit" (Invitrogen BV, Leek, The Netherlands, product 
#K2000-01) following the protocol recommended by the manufacturer. Plasmid 
isolates were sequenced using the ABl fluorescent sequencer. 

(ii) Heavy Ghain 

The human fi-amework sequence most homologous to the mouse fi-amework 
sequence was identified for the heavy chain. The most homologous sequence in the 
database for the heavy chain was: 

Locus: HUMSIGVS 423BPMRNA 

Definition: Human Ig mu-chain mRNA V3b-D-J4 region 5' end 
Source: Homo sapiens cDNA to mRNA 

Authors: Sanz, 1. et al. VH sequence of a human autoantibody. Evidence that 
autoantibodies can be urunutated copies of germline genes. J. Immuno. 142, 883-887, 
1989. 

There were seventeen differences between the amino acid sequence of the mouse 
heavy chain variable framework sequence and the most homologous human variable 
heavy chain framework sequence. In five positions 49, 66, 76, 77 and 94 the mouse 
amino acid was retained. At all other positions the human amino acid was used for 
the humanised heavy chain framework. 

A file of the humanised heavy chain variable sequence was generated and a GCG 
program was used to identify silent sites for the following enzymes: 
EagI; Nhel; Xbal; Xhol; Xmal 
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Changes in the nucleotide sequence were made to include these restriction enzyme 
sites without changing the amino acid sequence. The presence of these sites were 
included to make cutting and pasting fragments of PCR clones easier. 

A Hindlll restriction site for cloning, a Kozac sequence for transcription initiation, 
and a murine signal sequence (MAWVWTLLFLMAAAQSAQA - SEQ ID 16) for 
protein secretion were added to the 5' end of the humanised heavy chain variable 
region sequence. An Spel restriction site was added to the 3' end for cloning. 

The humanised variable heavy chain framework with mouse CDRs was built by PCR 
using long overlapping oligonucleotides. Eight oligos were synthesised 
approximately 60 base pairs with 15 base pair overlaps. The oligos were as follows: 

AHrSEQ ID NO 29. 5' ACA CgA AgC TTC ACC ATg gCT Tgg gTg Tgg ACC 
TTg CTA TTC CTgATggCggCCgCCCAAS' 

BH:SEQ ID NO 30: 5' CTT TAC CAA gCC TCC CCC AgA CTC CAC CAg CTg 
CAC CTC TgC TTg ggC ACT TTg ggC ggC CgC CAT 3 ' 

CH:SEQ ID NO 31: 5' TTg gTA AAg CCC ggg ggg TCC CTT AgA CTC TCC 
TgT gC A gCT AgC ggA TTC ACT TTC AgT 3 ' 

DH:SEQ ID NO 32: 5' CCC CTT CCC Tgg AgC CTg gCg gAC CCA ggA CAT 
CCA gTA gCC ACT gAA AgT gAA TCC gCT 3' 

EH:SEQ ID NO 33: 5' ggg AAg ggg CTC gAg Tgg gTT gCT gAA ATT AgA TTg 
AAA TCT g AT AAT TAT gCA ACA CAT 3 ' 

FH:SEQ ID NO 34: 5' ATC ATC TCT TgA gAT ggT gAA TTT CCC CTT CAC 
AgA CTC CgC ATA ATg TgT TgC ATA ATT 3 ' 

GH:SEQ ID NO 35: 5' ATC TCA AgA gAT gAT TCA AAA TCT AgA CTg TAT 
CTg CAA ATg AAC AgC CTg AAA ACC gAg gAC ACA 3' 

HH:SEQ ID NO 36: 5' ggT gAC TAg TgT TCC CTg gCC CCA gTC TAT gAA 
ATC TgT ACA gTA ATA CAC ggC TgT gTC CTC ggT TTT 3' 
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The murine CDR's were grafted on to the template using recombinant PCR. PCR 
was performed using a programmable thermal cycler (Trio; Biometra). A 50 \i\ 
reaction contained 2.5 units of AmpliTaq polymerase (Perkin-Elmer-Cetus, 
Beaconsfield, UK) in the buffer supplied by the manufacturer, a buffer which 
provides the preferred pH and ionic strength for amplification (10 mM Tris-HCI, pH 
8.3, 50 mM KCl and 1.5 mM MgCy, 200 ^M each of dATP, dCTP, dGTP, and 
dTTP, and amplification primers at l^g/^l. The samples were heated to 94°C for 2 
minutes in a heating block, then centrifiiged for 30 seconds at 16,000xG. Samples 
were placed on ice for 1 minute, then Taq polymerase and a drop of mineral oil 
added to each sample. The samples were vortexed, then centrifiiged for 30 seconds 
at 16,000xG. Samples were placed in the thermal cycler programmed as follows: 

Step 1: 94°Cfor 1 minute 

Step 2: 50°C for 2 minutes, ramping up to step 3 at 0.4°C/second 
Step 3: 72*^C for 3 minutes, go to step 1 repeating the loop 25 times 

Seven primary PCR reactions were initially performed with 1 ixg/\xl of each primer 
per reaction, using the primer combinations Ah and and Dh. Eh and Fh Gh and 

H„ ; Ah Bh Ch and Dh E„ Fh G„ and H„ ; Ah Bh Q Dh Fh Gh and Hh. A 1 ul 
aliquot of the primary PCR reaction products were combined with primers (1 ug/ul) 
and subjected to the same PCR reaction conditions described for the primary PCR 
reactions to generate the full length heavy chain variable region. Primary PCR 
reaction fi-agments AFh and EHh fi-agment, AHh, fi-agments ABh, GHh, and AHh, 
fi-agments ABh, CDh, EFh, and GHh, fi-agments ABh, CDh, EF„, GHh, and AHh were 
combined with primers Ah and Hh. All of the PCR reactions produced fiill length 
fragments. The humanised heavy chain variable region PCR product from the AB^, 
GHh, and AHh reaction was purified using Wizard PCR Preps DNA Purification 
System (Promega) following the protocol recommended by the manufacturer. The 
purified products were cut with Hind III and Spe I then cloned into a pUC vector 
containing a mutated IgGl constant region (see below). 

Construction of the Humanised antibody 

The humanised heavy chain variable region PCR products were cut with Hind III and 
Spe I then cloned into a pUC vector containing a mutated IgGl constant region (see 
below). The variable region of the clones were sequenced Figures 3 and 4(SEQ IDS 
17 and 18). A clone containing the correct humanised heavy chain variable amino 
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acid sequence was selected. This clone had one silent nucleotide change from the 
model humanised heavy chain variable sequence. 

An IgGl with mutations to eliminate Clq and Fc binding was used for the constant 
region of the humanised heavy chain. These mutations were based on the following 
two papers: Duncan, A.R. and Winter, G. LocaHzation of the Clq binding site on 
antibodies by surface scanning. Nature 332 . 738-740, 1988 and Duncan, A.R., 
Woolf, J.M., Partridge, LJ., Burton, D.R. and Winter, G. Localisation of the binding 
site for human FcRl on IgG. Nature 222, 563-564, 1988. 

The residues mutated are shown in Kabat, E.A., Wu, T.T., Perry, H.M., Gottesman, 
K.S. and C. Foeller, 1991, Sequences of Proteins of Immunological Interest, Volume 
l,page 680. 

The changes made in IgGl to create an IgGl isotype lacking cytotoxicity were as 
follows: 248 Leu (CTg) to Ala (gCg) and 250 Gly (ggA) to Ala (gCA). 

These mutations were made by site directed mutagenesis of a human IgGl as 
follows: 

Constant region PGR oligos used to generate IgGl with mutations were: 

SEQID 37 A, gCT gCT CCT TTT AAg CTT Tgg ggT CAA ggC TCA CTA gTC 
ACA gTC TCC 

SEQID 38 B, TgA Cgg TgC CCC CgC gAg TTC Agg 

SEQID 39 C, CCT gAA CTC gCg ggg gCA CCg TCA 

SEQID 40 D, AAg CTT CCg TCg AAT TCA TTT ACC Cgg AgA CAg 

Oligo Aj. contains a Hind/Spel site, Oligos B^. and C^. contain the mutations at 
positions 248 and 250. Oligo D^ contains an Eco Rl site. Oligos A^. and B^. were used 
to generate a fragment AB using the PCR conditions specified in the General 
Methodology section of this application and a cloned human IgGl constant region as 
template (Reichmann, L., Clark, M., Waldmann, H., and Winter, G. (1988) Reshaping 
human antibodies for therapy, Nature 322 . 323-327), Oligos C^ and D^ were used to 
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generate fragment CD using the same PCR conditions and template as for AB. PCR 
fragments AB and CD were cleansed using a Wizard PCR Preps DNA Purification 
System (Promega). PCR fragments AB (5.0 ul) and CD, (5.0ul) were combined with 
oligos Ac and D, to generate a fragment AD, containing the IgGl constant region with 
mutations. Fragment AD, was cleaned by Wizard PCR Preps DNA Purification 
System (Promega), digested with Hindlll and Eco Rl, then ligated into Hindlll- 
EcoRl digested pEE6 plasmid containing the humanised anti-CD23 heavy chain 
variable region. 

The constant region was sequenced to confirm the mutations. A fragment containing 
these mutations was transferred to an expression plasmid pEE6 containing the 
humanised anti-CD23 heavy chain variable region. 

The humanised light chain variable region PCR products were cut with Hind EI and 
BsiW 1, then cloned into expression plasmid pEE12 containing the human kappa 
light chain constant region described above. The clones were sequenced using an 
ABI fluorescent sequencer and a clone containing the correct amino acid sequence 
for humanised light chain variable region was selected. 

A Bgl II - Sal I fragment containing the humanised heavy chain anti-CD23 from the 
pEE6 plasmid was ligated into the Bam HI - Sal I site of the pEE12 plasmid 
containing the humanised light chain anti-CD23 to make one plasmid containing 
both the humanised heavy and light chain anti-CD23. The humanised heavy chain 
variable and constant region and the humanised light chain variable and constant 
region in the final expression plasmid were sequenced. 

Transient Expression of Humanised Antibody 

The plasmid with the humanised anti-CD23 was transfected into COS cells and 
transiently expressed using the same protocol as described for the chimaeric antibody 
above. The expression plasmid with the humanised anti-CD23 was transfected into 
COS cells and transiently expressed as described for the chimeric anti-CD23 
transient expression. 

The concentration of chimeric and humanised anti-CD23 antibody required for half- 
maximal binding to sCD23 was assayed using the sCD23 ELISA already described. 
Absorbance at 405 nm was plotted versus a range of concentrations of antibody to 
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generate a sigmoidal curve with a "goodness of fit" or correlation coefficient of 1 . 
The absorbance was read using a Molecular Devices plate reader (Menlo Park, Calif., 
USA) and Softmax (Molecular Devices Corp) software to calculate best fit by a log- 
logit algorithm then display the curve, equation parameters and correlation 
coefficient. A discussion of curve fitting appears in "Data Analysis and Quality 
Control of Assays: A Practical Primer", by R P Charming Rogers in Practical 
Immuno Assay, editor Wilfiid R Butt; published by Marcel Dekker, Inc., New York 
1984. The curve fitting algorithm for the log-logit logistic equations were based on 
the Levenberg-Marquardt Method. Discussion of this method can be found in 
Numerical Principles in C: The Art of Science computing by William H Press, Brian 
P Flannery, Saul A Teukolski and William T Vetteriing, published by Cambridge 
University Press, New York, 1988. The value for x in ng/ml was calculated for the 
following equation: 

x= c X [a - y] l/h 

when y + d - c 
2 

and where 

d is the y-value corresponding to the asymptote at high values of the x-axis a is the y- 
value corresponding to the asymptote at low values of the x-axis 

c is the x-value corresponding to the midpoint between a and d 

b describes how rapidly the curve makes its transition fi*om the asymptotes in the 
center of the curve, typically 1. 

The half-maximal binding of sCD23 by chimaeric anti-CD23 was 16.28 ng/ml (See 
Figure 5). The half-maximal binding constant for the humanised anti-CD23 was 
15.03 ng/ml (see Figure 6) This data shows that the humanised anti-CD23 has 
equivalent binding to the chimaeric anti-CD23 which has a complete mouse Cll 
variable region. 
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Stable Expression 

Stable cell lines expressing humanised anti-CD23 were selected using the 
glutaminine synthetase gene amplification system obtained from Celltech. The basic 
system described in Bebbington et al, 1992, Biotechnology 10, 169-175 was 
followed. This system describes making stable cell lines by introducing linearized 
expression vectors containing the cDNA encoding hamster glutamine synthetase 
under the control of the SV40 Early promoter and SV40 splicing and polyadenylation 
signal and the cDNA for the antibody heavy and light chain into mammalian cells by 
electroporation. Transfected cells are then selected for the ability to grow in 
glutamine free medium. NSO cells (non-immunoglobulin secreting mouse myeloma 
B cells) used for making the humanised anti-CD23 stable cell lines were grown in 
Iscove's Modified Dulbecco's Medium (Sigma) with 2 mM glutamine 
(GIBCO/BRL) and 10% fetal calf serum (Hyclone) (Non-Select media). The anti- 
CD23 cell lines were made as follows. The expression plasmid containing the 
humanised anti-CD23 (40 ug) was linearised with FsPl (New England Biolabs), 
ethanol precipitated and resuspended in 50 jil of sterile water. Exponentially 
growing NSO cell were counted. The cells (10') were centrifuged and washed once 
in phosphate bufferd saline (PBS). The cells were resuspended in 950 |al of sterile 
PBS. The DNA, then cells, were added to an electroporation cuvette (0.4 mm, Bio- 
Rad) on ice. The cuvette was placed in a Bio-Rad electroporator and two 
consecutive pulses at 1500 volts, 3 }iF were delivered. The cuvette was removed and 
placed on ice. The cells were diluted to 10\ 10\ 10^ cells/ml in Non-select media 
and plated in 96 well plates (Costar), 50 |al/well. The next day 150 jil of Iscove's 
Dulbecco's Modified Medium (Sigma) with 60 pg/ml glutamic acid (Sigma), 60 
l-ig/ml asparagine (Sigma), 7 |ag/ml each of adenosine (Sigma), guanosine (Sigma), 
cytidine (Sigma), uridine (Sigma), and thymidine (Sigma), and 10% fetal calf serum 
(Hyclone) (Select media) was added to each well. The plates were returned to a 37°C 
incubator and left until substantial cell death had occurred and discrete surviving 
colonies appeared. 

Colonies were transferred from a confluent 96 well plate to one well of a 24 well 
plate, then after several days , the confluent well from the 24 well plate was used to 
innoculate a 25 cm^ flask. The spent media was included with fresh Select media to 
perform each expansion. Once in flasks, the cultures were maintained at between 
10^ and 10^ cells/ml. The specific production rate (SPR) of 144 clones was 
performed to compare antibody production in each clone so that the highest 
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producing clone could be selected as a production line. The SPR was performed by 
taking 10^ cells from a confluent flask, washing the cells with PBS, then adding the 
cells to 10 ml of fresh media for 24 hours at 37° C. The antibody production was 
quantitated by ELISA. 

The clones were first screened for production of human IgG using an ELISA assay as 
follows. EIA/RIA plates (Costar) were coated with 100 |al/well of 5 |ig/ml goat anti- 
human IgG (Jackson Immunoresearch Labs #109-001-003) in 35 mM NaHCOj, 15 
mM Na2C03, pH 9.3 overnight at 4 ^ C. Plates were washed three times with 150 
mM NaCl, 50 mM Trizma base, 0.1% (v/v) Tween-20, pH 7.4 (TBS/Tween), 
blocked for 1-2 hours at 22®C with 100 i-il/well of 2% bovine serum albumin in 
TBS/Tween, and washed three times with TBS/Tween. One hundred microliters of 
control Campath-IH IgGl[Page, M J and Sydenham (1991) (supra)] standard ( 1000 
ng/ml - 1 ng/ml) in control media or sample supematants were added, in triplicate, to 
wells and incubated overnight at 4° C. Plates were washed five times with 
TBS/Tween and 100 ^il of a 1:5000 dilution of goat anti-human alkaline phosphatase 
conjugate (Jackson Immunoresearch Labs #109-055-088) was added and incubated 
for 2 hours at 22° C or overnight at 4° C. The plates were washed five times with 
TBS/Tween and 100 |al of 3 mM pNPP in substrate buffer (Sigma 104-0) was added 
and the plates read at 405 nm on a microtiter plate reader (Molecular Devices) using 
a 20 minute kinetic program. Standard curves and sample IgG concentrations were 
calculated and reported directly by the program. The SPR was expressed as |ag/ 10 ^ 
cells/ 24 hours. The SPRs of the 144 clones ranged from 14-0 ^g/10* cells/24 
hours. Clones expressing at least 5 |ig / 10 * cells/ 24 hours were also tested for 
binding to sCD23 using the ELISA assay already described. Chimaeric CD23 was 
used as the standard for these assays. 

Complement Lysis and ADCC Assays 

FITC labelled humanised anti-CD23 was used to confirm expression of surface 
CD23 on RPMI 8866 cells by flow cytometry. The same cell were stained with 
FITC labelled humanised anti-CDw52 antibody (hCD52) and found to be negative 
for CD52 expression. In contrast, Wein 133 cells stained positive for hCD52 but 
negative for anti-CD23. 

RPMI 8866 cells were stained with europium diethylene triaminopentaaccetate 
(Eu/DTPA) whilst Wein 133 cells were labelled with samarium diethylene 
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triaminopentaacetate (Sm/DTPA) according to the methods described (Blomberg, 
K,1993, J Immunol. Methods. 168,267;Patel et al, 1 995. J.Immunol.Methods.l 84,29). 
Al:l mixture of labelled Wein 133 cells and RPMI 8866 cells were then lysed with 
either hCD52 or anti-CD23 in the presence of NHS as a source of complement- 
Activation of complement through the classical pathway by hCD52 caused a release 
of Sm/DTPA. No Sm/DTPA was released in the presence of anti-CD23. The data 
confirms that only hCD52 and not anti-CD23 induces lysis of Wein 133 cells. The 
data further confirms that the complement pathway can be activated to cause cell 
lysis. No Eu/DTPA fi-om RPMI 8866 was released by hCD52 as anticipated. 
Although RPMI 8866 cells express CD23, no Eu/DTPA was release by anti-CD23, 
demonstrating that the antibody is unable to activate complement. 

Lysis of 1:1 mixture labelled Wein 133 and RPMI 8866 by antibody dependent 
cellular cytoxicity (ADCC) was attempted with either anti-CD23 or hCD52 in the 
presence of peripheral blood mononoclear cells (PBMC). A release of Sm/DTPA by 
hCD52 and not anti-CD23 confirmed that only the latter was unable to mediate 
ADCC lysis of Wein 133 cells. This was not surprising, since Wein 133 cells do not 
express CD23. Neither of the antibodies caused a release of Eu/DTPA. This 
suggested that although CD23 expression was confirmed on RPMI 8866 cells by 
flow cytometry, no ADCC mediated cell lysis was detected with anti-CD23. 

Kinetic Analysis 

The association rate, dissociation rate and the dissociation rate constant for the 
binding of humanised anti-CD23 to the CD23 antigen was evaluated on the Biacore 
Biosensor. Briefly, purified recombinant CD23 was immobilised onto a CMS sensor 
surface. Carboxyl groups on the dextran surface were activated by l-ethyl-3(3- 
dimethylaminopropyl) carbidimide ( EDCO/N-hydroxysuccimimide (NHS). 
Following activation, recombinant CD23 was passed over the surface to initiate 
immobilisation. Ethanolamine was then added to quench residual active groups. 
Humanised anti-CD23 diluted in HBS buffer was passed over the sensor surface. 
Binding of anti-CD23 to immobilised CD23 was monitored in real time for 
estimation of the association rate (M'' sec"'). Dissociation of the CD23 and the anti- 
CD23 complex in buffer was also monitored for estimation of the dissociation rate 
(sec"'). The dissociation constant (nM) was calculated from the dissociation and 
association rate. For 6 batches of anti-CD23, the data shows association rates in the 
range 1.5-1.85x10^ M'' sec'and the dissociation rate of 1 - 2x10'^ sec' The 
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dissociation constant for anti-CD23 was found to be within 8-12pM. The affinity 
constant was determined to be approximately 9xlO'°Ka moT'. 
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CLAIMS 



1 . An antibody which has sufficient of the amino acid sequence of each CDR shown 
below such that the antibody is capable of binding to the CD23 (FCsRII) type II 
molecule expressed on haematopoietic cells: 



2. An antibody which binds to the CD23 (FCsRII) type 11 molecule expressed on 
haematopoietic cells or soluble CD23 characterised by an affinity constant equal 
to or greater than 1x10^ Ka Mol ' 

3. An antibody which competitively inhibits the binding of an antibody having the 
CDR sequences set out in claim 1, to the CD23 (FCsRII) type II molecule 
expressed on haematopoietic cells. 

4. An antibody according to any of the preceding claims which is an altered 
antibody. 

5. An antibody according to claim 4 which is a humanised antibody. 

6. An antibody according to any of the preceding claims in which the framework of 
the heavy chain includes the amino acid residues from the murine antibody at 
any of positions 49,66,76,77 and 94. 

7. An antibody according to any of the preceding claims in which the framework of 
the light chain included the amino acid residues from them murine antibody at 
position 64. 



RSSKSLLY KDGKTYLN 

LMSTRAS 

QQLVEYPFT 



CDRLl (SEQEDNO: 3) 
CDRL2 (SEQ ID NO: 5) 
CDRL3 (SEQ ID NO: 7) 



GYWMS 

EIRLKSDNYATHYAESVKG 
FID 



CDRHl (SEQ ID NO: 9) 
CDRH2 (SEQ ID NO: II) 
CDRH3 (SEQ ID NO: 13) 



8. An antibody comprising one or both of the amino acid sequences according to 
SEQ ID NOS: 1 and 2. 
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9. An antibody comprising one or both of the amino acid sequences according to 
SEQ IDNOS: Hand 18. 

10. An antibody according to any of the preceding claims in which the constant 
region contains Ala at position 235 and Ala at position 237 by the Kabat 
numbering system. 

1 1 . An antibody according to any of the preceding claims for use in human therapy. 

12. Use of an antibody according to any of claims 1-10 in the manufacture of a 
medicament for the treatment of a disorder selected from arthritis, lupus 
erythematosus, Hashimotos thyroiditis, multiple sclerosis, diabetes, uveitis, 
dermatitis, psoriasis, urticaria, nephrotic syndrome, glomerulonephritis, 
inflammatory bowel disease, ulcerative colitis, Crohn's disease, Sjogren's 
syndrome, allergies, allergic asthma, intrinsic asthma, acute asthmatic 
exacerbation, rhinitis, eczema, GVH, COPD, insulitis, bronchitis (particularly 
chronic bronchitis) or diabetes (particularly Type 1 diabetes), B-cell 
malignancies. 

13. Use of an antibody which binds to the CD23 (FCeRII) type II molecule 
expressed on haematopoietic cells in the manufacture of a medicament for 
blocking soluble CD23 formation. 

14. Use of antibody according to claim 13 wherein the antibody is an antibody 
according any one of claims 1-10. 

15. A DNA sequence encoding an antibody chain which comprises one or more of 
the sequences according to: 

CDRLl base pair numbers 70-1 17 of Figure 3 (SEQ ID NOS: 4) 
CDRL2 base pair numbers 163-183 of Figure 3 (SEQ ID NOS: 6) 
CDRL3 base pair numbers 280-306 of Figure 3 (SEQ ID NOS: 8) 



CDRH 1 base pair numbers 9 1 - 1 05 of Figure 4 
CDRH2 base pair numbers 148-204 of Figure 4 
CDRH3 base pair numbers 301-309 of Figure 4 



(SEQ ID NOS: 10) 
(SEQ IDNOS: 12) 
(SEQ ID NOS: 14) 
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16. DNA sequence encoding an antibody chain which comprises one or both of the 
sequences encoding of the sequences according to SEQ ID NOS:l and 2. 

17. A DNA sequence encoding an antibody chain which comprises one or both of 
the sequences according to SEQ ID NOS: 17 and 18 

18. A pharmaceutical formulation comprising an antibody as defined in any of the 
claims 1 to 10 and a pharmaceutically acceptable excipient. 



19. A pharmaceutical formulation comprising an antibody as defined in any of 

claims 1 to 10 in combination with an immunomodulatory or anti -inflammatory 
agent and a pharmaceutically acceptable excipient. 



Abstract 



The invention relates to antibodies which bind to the CD23 (FCsRII) type II 
molecule particularly altered antibodies including antibodies which bind to the CD23 
(FCeRII) type II molecule characterised by an affinity constant equal to or greater 
than 1x10' Ka MoT', the preparation of such antibodies, pharmaceutical 
compositions which contain such antibodies and their use in therapy particularly in 
the treatment of autoimmune and inflammatory disorders. 



1/^ 

AAGCTTTACAGTTACTCAGCACACAGGACCTCACCATGGATTTTGGGCTGATTTTTTTTA 

1 + + + ^ ^ gQ 

. TTCGAAATGTCAATGAGTCGTGTGTCCTGGAGTGGTACCTAAAACCCGACTAAAAAAAAT 

ALQLLSTQDLTMDFGLIFFI- 

TTGTTCTTTTAAAAGGGGTCCAGAGTGAAGTGAAGCTTGAGGAGTCTGGAGGAGGCTTGG 
61 + + + + ^ ^ ^20 



AACAAGAAAATTTTCCCCAGGTCTCACTTCACTTCGAACTCCTCAGACCTCCTCCGAACC 

VLLKGVQSEVKLEESGGGLV- 

TGCAACCTGGAGGATCCATGAAACTCTCCTGTGTAGCCTCTGGATTTACTTTCAGTGGCT 

121 + + + + + + 180 

ACGTTGGACCTCCTAGGTACTTTGAGAGGACACATCGGAGACCTAAATGAAAGTCACCGA 

QPGGSMKLSCVASGFTFSGY- 

ACTGGATGTCTTGGGTCCGCCAGTCTCCAGAGAAGGGGCTTGAGTGGGTTGCTGAAATTA 

181 + + + + + + 240 

TGACCTACAGAACCCAGGCGGTCAGAGGTCTCTTCCCCGAACTCACCCAACGACTTTAAT 

WMSWVRQSPEKGLEWVAE I R- 

GATTGAAATCTGATAATTATGCAACACATTATGCGGAGTCTGTGAAAGGGAAGTTCACCA 

241 + + + + + + 300 

CTAACTTTAGACTATTAATACGTTGTGTAATACGCCTCAGACACTTTCCCTTCAAGTGGT 

LKSDNYATHYAESVKGKFT I- 

TCTCAAGAGATGATTCCAAAAGTCGTCTCTACCTGCAAATGAACAGCTTAAGAGCTGAAG 

301 + + + + + + 360 

AGAGTTCTCTACTAAGGTTTTCAGCAGAGATGGACGTTTACTTGTCGAATTCTCGACTTC 

SRDDSKSRLYLQMNS LRAED- 
ACAGTGGAGTTTATTACTGTACAGATTTCATAGACTGGGGCCAAGGGACACTAGT 
TGTCACCTCAAATAATGACATGTCTAAAGTATCTGACCCCGGTTCCCTGTGATCA 

SGVYYCTDFIDWGQGTL 



AAGCTTTACAGTTACTCAGCACACAGGACCTCACCATGAGGTTCTCTGTTCAGTTTCTGG 

I + ^ + + + + 60 

TTCGAAATGTCAATGAGTCGTGTGTCCTGGAGTGGTACTCCAAGAGACAAGTCAAAGACC 

ALQLLSTQDLTMRF SVQFLG- 

GGGTGCTTATGTTCTGGATCTCTGGAGTCAGTGGGGATATTGTGATAACCCAGGATGAAC 

61 + + + + + + 120 

CCCACGAATACAAGACCTAGAGACCTCAGTCACCCCTATAACACTATTGGGTCCTACTTG 

VLMFWISGVSGDI VITQDEL- 

TCTCCAATCCTGTCACTTCTGGAGAATCAGTTTCCATCTCCTGCAGGTCTAGTAAGAGTC 

121 + + + + + + 180 

AGAGGTTAGGACAGTGAAGACCTCTTAGTCAAAGGTAGAGGACGTCCAGATCATTCTCAG 

SNPVTSGESVSISCRS SKSL- 

TCCTGTATAAGGATGGGAAGACATACTTGAATTGGTTTCTGCAGAGACCAGGACAATCTC 

181 + + + + ^ + + 240 

AGGACATATTCCTACCCTTCTGTATGAACTTAACCAAAGACGTCTCTGGTCCTGTTAGAG 

LYK DGKTYLNWFLQRPG QSP- 

CTCAGCTCCTGATGTATTTGATGTCCACCCGTGCATCAGGAGTCTCAGACCGGTTTAGTG 
241 + + + + + + 300 

GAGTCGAGGACTACATAAACTACAGGTGGGCACGTAGTCCTCAGAGTCTGGCCAAATCAC 

QLLMYLMSTRASGVSDRFSG- 

GCAGTGGGTCAGGCACAGATTTCACCCTGGATU^TCAGTAGAGTGAAGGCTGAGGATGTGG 

301 + + + + + + 360 

CGTCACCCAGTCCGTGTCTAAAGTGGGACCTTTAGTCATCTCACTTCCGACTCCTACACC 

SGSGTDFTLEI SRVKAEDVG- 

GTGTGTATTACTGTCAACAACTTGTAGAGTATCCATTCACGTTCGGCTCGGGGACAAAGT 

361 - + + + + + + 4 20 

CACACATAATGACAGTTGTTGAACATCTCATAGGTAAGTGCAAGCCGAGCCCCTGTTTCA 

VYYCQQLVEYPFTFGSGTKL- 

TGGAAATAAAACGTACG 

421 + 437 

ACCTTTATTTTGCATGC 

E I K R T 



quire. 



< 



AAGCTTCACCATGGCTTGGGTGTGGACCTTGCTATTCCTGATGGCGGCCGCCCAAAGTGC 

1 + + + + + + 60 

TTCGAAGTGGTACCGAACCCACACCTGGAACGATAAGGACTACCGCCGGCGGGTTTCACG 

B SFTMAWVWTLLFLMAAAQSA- 

CCAAGC^GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTAAAGCCCGGGGGGTCCCT 

61 + + + + + + 120 

^ GGTTCGljCTCCACGTCGACCACCTCAGACCCCCTCCGAACCATTTCGGGCCCCCCAGGGA 

B qa{evqlvesgg glvkpggsl- 

TAGACTCTCCTGTGCAGCTAGCGGATTCACTTTCAjGTGGCTACTGGATGTCcjrGGGTCCG 

121 + + + + + — + 180 

ATCTGAGAGGACACGTCGATCGCCTAAGTGAAAGi:|CACCGATGACCTACAGqACCCAGGC 

B rlscaasgftfsJ|gywmsJ{wv r- 

ccaggctccagggaaggggctcgagtgggttgctJgaaattagattgaaatctgataatta 

181 + + + + + + 240 

GGTCCGAGGTCCCTTCCCCGAGCTCACCCAACGAjCTTTAATCTAACTTTAGACTATTAAT 

B qapgkglewvaJ[eirlksdny- 
tgcaacacattatgcggagtctgtgaag38g|?^ttcaccatctcaagagatgattcaaa 

241 + + + - + + + 300 

ACGTTGTGTAATACGCCTCAGACACTTCCCcfrTTAAGTGGTAGAGTTCTCTACTAAGTTT 

1 r 

B ATHYAESV KGllKFTlSRDDSK- 

ATCTAGACTGTATCTGCAAATGAACAGCCTGAAAACCGAGGACACAGCCGTGTATTACTG 

301 + + + + + + 360 

TAGATCTGACATAGACGTTTACTTGTCGGACTTTTGGCTCCTGTGTCGGCACATAATGAC 

B SRLYLQMNSLKTEDTAVYYC- 
200 [SOi ?/o 31? ; 
TACAGAT)rTCATAGAC|rGGGGCCAGGGAACACTAGTCACC|GTCTCCTCAGCCTCCACCAA 
361 + + + + + + 420 

atgtcta[aagtatct(^ccccggtcccttgtgatcagtgg(cagaggagtcggaggtggtt 

B TD F I D WGQGTLVT VS SAS TK - 



gggcccatcggtcttccccctggcaccctcctccaagagcacctctgggggcacagcggc 

421 --^ + + + + + 480 

cccgggtagccagaagggggaccgtgggaggaggttctcgtggagacccccgtgtcgccg 

gpsvfplapsskstsggtaa- 
cctgggctgcctggtcaaggactacttccccgaaccggtgacggtgtcgtggaactcagg 

481 + + + + + + 540 

ggacccgacggaccagttcctgatgaaggggcttggccactgccacagcaccttgagtcc 
lgclvkdyfpepvtvswnsg- 



CGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTC 
541 + + + + + + 600 

GCGGGACTGGTCGCCGCACGTGTGGAAGGGCCGACAGGATGTCAGGAGTCCTGAGATGAG 

B ALTSGVHTFPAVLQSSGLYS- 

CCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAA 

601 + + + + + + 660 

GGAGTCGTCGCACCACTGGCACGGGAGGTCGTCGAACCCGTGGGTCTGGATGTAGACGTT 

B LSSVVTVPSSSLGTQTYICN- 

CGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTGGAGCCCAAATCTTGTGA 

661 + + + + + + "720 

GCACTTAGTGTTCGGGTCGTTGTGGTTCCACCTGTTCTTTCACCTCGGGTTTAGAACACT 

B VNHKPSNTKVDKK VEPKSCD- 

CAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCGCGGGGGCACCGTCAGTCTT 

721 + + + + + + 780 

GTTTTGAGTGTGTACGGGTGGCACGGGTCGTGGACTTGAGCGCCCCCGTGGCAGTCAGAA 

B KTHTCPPCPAPELAGAPSVF- 

CCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATG 

781 + + + + + + 840 

GGAGAAGGGGGGTTTTGGGTTCCTGTGGGAGTACTAGAGGGCCTGGGGACTCCAGTGTAC 

B LFPPKPKDTLMISRTPEVTC- 

CGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGG 

841 + + + + + + 900 

GCACCACCACCTGCACTCGGTGCTTCTGGGACTCCAGTTCAAGTTGACCATGCACCTGCC 

3 VVVDVSHEDPEVKFNWYVDG- 

CGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCG 

901 + + + + + + 960 

GCACCTCCACGTATTACGGTTCTGTTTCGGCGCCCTCCTCGTCATGTTGTCGTGCATGGC 

B VEVHNAKTKPRE EQYNSTYR- 

TGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTG 

961 + + + + + + 1020 

ACACCAGTCGCAGGAGTGGCAGGACGTGGTCCTGACCGACTTACCGTTCCTCATGTTCAC 

B VVSVL. TVLHQDWLNGKEYKC- 

CAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGG 

1021 + + + + + + 1080 

GTTCCAGAGGTTGTTTCGGGAGGGTCGGGGGTAGCTCTTTTGGTAGAGGTTTCGGTTTCC 

3 KVSNKALPAPIEKTISKAKG- 



# 



GCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAA 

1081 + + + + + + 1140 

CGTCGGGGCTCTTGGTGTCCACATGTGGGACGGGGGTAGGGCCCTACTCGACTGGTTCTT 

B QPR EPQVYTLPPSRDELTKN- 

CCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTG 

1141 + + + + + + 1200 

GGTCCAGTCGGACTGGACGGACCAGTTTCCGAAGATAGGGTCGCTGTAGCGGCACCTCAC 

B QVSLTCLVK GFYPSDIAVEW- 

GGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGA 

1201 + + + • + + + 1260 

CCTCTCGTTACCCGTCGGCCTCTTGTTGATGTTCTGGTGCGGAGGGCACGACCTGAGGCT 

B ESNGQPENNYKTTPPVLDSD- 

CGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAA 

1261 + + + + + + 1320 

GCCGAGGAAGAAGGAGATGTCGTTCGAGTGGCACCTGTTCTCGTCCACCGTCGTCCCCTT 

B GSFFLYSKLTVDKSRWQQGN- 

CGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCT 

1321 + + + + + + 1380 

GCAGAAGAGTACGAGGCACTACGTACTCCGAGACGTGTTGGTGATGTGCGTCTTCTCGGA 

B VFSCSVMHEALHNHYTQKSL- 

CTCCCTGTCTCCGGGTAAATGAATTC 

1381 + + 1406 

GAGGGACAGAGGCCCATTTACTTAAG 

B SLSPGK*I 



m 



# • 

AAGCTTCTCTACAGTTACTGAGCACACAGGACCTCACCATGGGATGGAGCTGTATCATCC 

1 + + + + + ^ gQ 

TTCGAAGAGATGTCAATGACTCGTGTGTCCTGGAGTGGTACCCTACCTCGACATAGTAGG 

C ASLQLLSTQDLTMGWSCIIL- 

* 

TCTTCTTGGTAGCAACAGCTACAGGTGTCCACTCcjbATATTGTGATGACTCAGTCTCCAC 

gl + + + + 4- + 120 

AGAAGAACCATCGTTGTCGATGTCCACAGGTGAGqCTATAACACTACTGAGTCAGAGGTG 

C FLVATATGVHS piV MTQSPL- 

TCTCCCTGCCCGTCACCCCTGGAGAGCCGGCCTCCATCTCCTGljCGCTCGAGTAAGAGTC 

121 + + + + , + + 180 

AGAGGGACGGGCAGTGGGGACCTCTCGGCCGGAGGTAGAGGACAjGCGAGCTCATTCTCAG 

c slpvtpgepasiscJ|rssksl- 
tcctgtataaggatgggaagacatacttgaaiitggtacctgcagaagccagggcagtctc 

181 + + + -- + + + 240 

aggacatattcctacccttctgtatgaacttaIaccatggacgtcttcggtcccgtcagag 
c lykdgktylnj|_wylqkpgqsp- 

ia . (61 1^3 i 1^ 

CACAGCTCCTGATCTAT|rTGATGTCCACCCGGGCATCAjGGGGTCCCTGACAGGTTCAGTG 

241 + + + " + + + 300 

GTGTCGAGGACTAGATAb^CTACAGGTGGGCCCGTAGTfcCCCAGGGACTGTCCAAGTCAC 

c qlliyJ[lmstrasjIgvpdrfsg- 

GCAGTGGATCAGGCACAGATTTTACACTGAAAATCAGCAGAGTGGAGGCTGAGGATGTTG 

• 301 + + + + + + 360 
CGTCACCTAGTCCGTGTCTAAAATGTGACTTTTAGTCGTCTCACCTCCGACTCCTACAAC 

C SGS GTDFTLKISRVEAEDVG- 

GGGTTTATTACTGTCAACAGCTGGTAGAGTATCCATTCACGlrTCGGCCAAGGGACCAAGG 

361 + + + + + - ^ + 420 

CCCAAATAATGACAGTTGTCGACCATCTCATAGGTAAGTGC^GCCGGTTCCCTGGTTCC 

c vyyc qqlveypftJIfgqgtk.v- 

TGGAGATCAAAfCGTACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGC 
421 + + + + + + 480 

acctctagttt|gcatgccaccgacgtggtagacagaagtagaagggcggtagactactcg 
c eikr]|tvaapsvfifp?sdeq- 
agttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagagg 

481 + ^ + + + + 540 

tcaactttagaccttgacggagacaacacacggacgacttattgaagatagggtctctcc 



r 



C LKSGTASVVCLLNNFYPREA- 

CCAAAGTACAGTGGAAGGTGGACAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCA 

541 + + + + + + 600 

GGTTTCATGTCACCTTCCACCTGTTGCGGGAGGTTAGCCCATTGAGGGTCCTCTCACAGT 

C KVQWKVDNALQSGNSQESVT- 

CAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAG 

601 + + + + + + 660 

GTCTCGTCCTGTCGTTCCTGTCGTGGATGTCGGAGTCGTCGTGGGACTGCGACTCGTTTC 

C EQDSKDSTYSLSSTLTLSKA- 

CAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGC 

661 + + + + + + 720 

GTCTGATGCTCTTTGTGTTTCAGATGCGGACGCTTCAGTGGGTAGTCCCGGACTCGAGCG 

C DYEKHKVYACEVTHQGLSSP- 

CCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAGGAATTC 

721 + + + +- 761 

GGCAGTGTTTCTCGAAGTTGTCCCCTCTCACAATCCTTAAG 

C VTKSFNRGEC*EF- 
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tog scaie d ng/*rr« 
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chimeric CD23 IgGlm 

half maximal binding = 16.28 ng/ml 



9/^ 



A= 0.104 e= 1.49 C= 37.7 D - 178 




humanized CD23 IgGlm 

half maximal binding = 15.03 ng/ml 



■per c^S 



